Results: Evaluation of 34 factors identified through systematic literature review and ranking in order of importance by our panel resulted in consensus on five essential categories of open fracture severity assessment: skin injury, muscle injury, arterial injury, contamination, and bone loss. These categories were chosen with particular attention paid to avoiding redundancy with existing tools for assessment of fracture configuration. Evaluation of the system through prospective data collection revealed that the five categories were widely applicable to open fractures, but the subcategories of open fracture characteristics required alteration to reflect clinically important parameters for open fracture severity stratification. Skin injury was best assessed by its potential for approximation rather than laceration length. Muscle injury required quantitative and qualitative assessment of potential for function. The effects of arterial injury were most accurately assessed through distal limb ischemia. The depth and nature of contamination were important indicators of overall contamination significance. Bone loss was best assessed quantitatively.
INTRODUCTION
Systematically classifying fractures assists clinicians and researchers in communicating information by grouping injuries with similar characteristics and separating dissimilar injuries. Open fractures are a unique subset of fractures because of the exposure of bone to contamination from the environment and the disruption of soft tissue integrity, which increases the risk for infection, delayed union, nonunion, and even amputation. [1] [2] [3] [4] [5] [6] Contamination and injuries to the integumentary, myofascial, neurologic, vascular, and/or skeletal systems are factors that have historically been used to identify open fracture patterns with similar natural histories or to guide injury-specific treatment strategies. [7] [8] [9] [10] [11] Involvement of these diverse structures, however, has made classifying open fractures difficult.
Multiple classification systems have been used for open fractures. 1, 5, 8, [12] [13] [14] Of these, the most widely used has been the system of Gustilo and Anderson. 1, 13 Its simplicity and ability to stratify open fracture severity in a logical order has allowed it to stand the test of time. Despite being broadly applied to most open fractures, the Gustilo system was designed only for open tibial fractures. The definitions of injury characteristics are imprecise, which leaves room for different interpretations of how a fracture should be classified. One important shortcoming of the Gustilo and Anderson system is that it incorporates concepts of treatment into the classification such as the methods for closure of soft tissue injuries. Ideally, the characteristics of the injury should guide treatment rather than treatment determining the classification. This is particularly problematic when concepts of treatment evolve over time, potentially changing how similar injuries are classified. It is not surprising that reliability studies have shown only moderate interobserver agreement for the Gustilo and Anderson classification. 15, 16 This is the first report on a project undertaken by the Classification Committee of the Orthopaedic Trauma Association to develop a new classification of open fractures. The global objective of this new classification will be to classify open fractures of the upper extremity, lower extremity, and pelvis in adults and children in a clinically relevant way, which will allow better communication for treatment and research. To develop this classification, the committee has undertaken a systematic scientific process. The purpose of this article is to report the methods and results of that process, propose a new classification of open fractures, and to outline the process to further assess the classification with reliability studies in the clinical setting. (Fig. 1) . For each factor, the relative frequency of use within the selected body of literature was determined. This frequency was used as a simplistic measure of literaturebased importance of each factor. This list of factors was sent by e-mail to a seven-member panel of experienced, fellowship-trained orthopaedic traumatologists, each of whom was instructed to independently examine and prioritize each factor for inclusion or exclusion in the new open fracture classification scheme. Each panel member was asked to rank the factors in order of their relative importance (1-34) using their clinical experience and knowledge of the literature. A rank-order mean was calculated for each factor and the mean used as a measurement of relative importance (Fig. 2) . In addition, five of seven traumatologists independently rated the relative necessity of inclusion of each factor into a comprehensive open fracture classification system with designations of ''must include,'' ''may include,'' and ''would not include.'' Responses were recorded, and agreement between evaluators was used to distinguish heavily favored, disfavored, and controversial factors (Fig. 3) .
The results of this analysis were presented to an open fracture work group for review, discussion, and consensus during a focused 4-hour meeting at the 2008 American Academy of Orthopaedic Surgeons meeting in San Francisco. The work group was a panel of fellowship-trained traumatologists who were members of the Orthopaedic Trauma Association classification committee. The data and a consensus process were used to: 1) identify factors considered essential to the classification of open fractures; 2) determine whether to include controversial factors; 3) clarify the definitions of each factor; 4) determine whether the definitions applied to each factor would be applicable to all anatomic regions; 5) formulate a draft classification; and 6) develop a plan to test the classification on clinical cases. In addition to using data from this process, the panel also worked from a set of general principles in developing a new proposed classification system. First, the classification should be simple rather than complex and should be anatomically allinclusive. Second, it should be based on injury pathoanatomy rather than treatment principles because treatment should follow the classification rather than the classification following the treatment. Third, it should not include system issues (eg, time to débridement). Fourth, it should focus on the anatomic characteristics of the injury. The proposed initial classification was then tested through a process of clinical data collection between June and September 2008. The goal was to determine the feasibility and ease of use of the proposed classification system. After approval from local Institutional Review Boards, data were collected prospectively. The investigators were committee members who were fellowship-trained orthopaedic traumatologists at five Level I trauma centers. On the data sheet, in addition to classifying the fracture, clinicians were asked to evaluate the classification in each subcategory and record any problems or difficulties. The classification was also presented to an independent group of clinicians in Europe at a focused meeting on fracture classification. At a second meeting of the open fracture work group at the 2008 Orthopaedic Trauma Association meeting in Denver, the data and other feedback were reviewed and the classification was revised.
RESULTS

Literature Review
The literature search yielded a total of 9283 references: PubMed, 7313 total; EMBASE, 697 unique (821 total, 123 overlap with PubMed); and Web of Science, 1273 unique (1586 total, 314 overlap with PubMed and EMBASE). In addition to these references, three additional references known to the authors but not identified in the search process were selected for inclusion that were not identified through the search strategies used. In total, 21 salient references were identified by hand-searching the titles and abstracts of all references, selecting those that cited an injury profiling system or classification of factors to rate the severity of open fractures (Fig. 1) . Thirty-four unique factors identified as clinical indices of open fracture severity were extracted through the review of these publications. 2, 5, [7] [8] [9] [10] [11] [12] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Of these, the factor most commonly cited was the mechanism of injury as it relates to soft tissue injury kinetics and the degree of injury sustained by the muscular envelope. Fracture pattern, neurologic injury, and arterial injury were also commonly cited in the literature.
Rank Order Process
The rank order mean for each of the 34 factors was used as a measure of relative importance of the independent clinician rankings. This identified 10 highly favored factors, as presented in Figure 4 . Nine of these 10 factors were in the top 10 selected factors for the majority (greater than 50%) of panelists. Mechanism of injury related to soft tissue injury (transection, avulsion, crush) and the degree of injury sustained by the muscular envelope, muscle viability at operation, and energy of injury were the most commonly selected and most highly ranked factors in the survey. The importance of each of these factors was also ranked as ''must include'' by all panelists who provided ''must/maybe/not'' inclusion evaluation. Psychosocial and logistic factors such as patients' socioeconomic background, preinjury health status, time from injury to operative treatment, and treatment in a community hospital versus trauma center setting were among the least highly ranked factors in the survey.
Consensus Process
To draft a new open fracture classification, the factors identified as most important through the literature review and rank order process were further analyzed with emphasis on identifying individual factors that, in aggregate, would serve optimally to classify open fractures. The discussion and analysis resulted in the creation of categories of tissue injury that included skin, muscle, vascular, and osseous injury. The top-ranking factors identified by rank order process that pertain to these tissue systems include: 1) skin defect; 2) muscle injury; 3) arterial injury; and 4) bone loss. Contamination was an additional high-ranking factor that was not accounted for by the classification categories, and so it was included as an additional category.
Each factor was divided into mild, moderate, and severe subgroups with the objective of achieving parallel construction in the subgrouping. This provided internal consistency across open fracture injury characteristics, allowing one or more increasingly severe injury characteristics to directly influence the overall assessment of injury severity.
Evaluation of Study Methodology
Independent of this consensus process, the original 34 injury-related factors included in this analysis were divided into six categories by one of the authors (A.R.E.) based on how they would likely be grouped if incorporated into a comprehensive classification system: tissue system injury, mechanical characteristics of injury, physiological parameters, psychosocial factors, contamination level, and logistic factors affecting timing of treatment (Fig. 5) . The clinician panel was blinded to this categorization before consensus discussions and proposal of the new classification system. Within each category, the factors were listed by rank order mean to identify which factors were ranked as most important through the determination of rank order by each clinician. The highest ranking factors within selected categories from the rank order process included skin defect, muscle injury, arterial injury, bone loss, and contamination, all of which were included in the proposed classification system. This demonstrated general agreement between the rank order and consensus processes while maintaining the principles of simplicity, concentration on injury characteristics, and exclusion of system issues as originally set forth by the committee. These results lend further merit and validity to the methodology used to generate this classification system.
Clinical Feasibility Study
Data were collected on a series of 99 open fractures. There were 23 upper extremity fractures, 56 lower extremity fractures, four pelvic fractures, and 13 foot fractures. Three fractures had no fracture code. The age range of these patients was 6 to 85 years. Graphs of the range of severity are presented in Figure 6 . Comments on the classification were reviewed and discussed by the Study Group at the 2008 Orthopaedic Trauma Association Meeting in Denver, CO. Based on the comments and data, findings important to the formulation of a more clinically relevant classification system included: 1) skin injury was more accurately reflected by the quantity and quality of skin coverage rather than wound length; 2) muscle injury required qualitative as well as quantitative description to capture the extent of and potential for additional necrosis; 3) effects of arterial injury on open fracture severity were more objectively assessed through the identification of ischemic injury rather than the mode of treatment used for the arterial injury; 4) depth and nature of contamination were essential to measurement of the magnitude of contamination; and 5) bone loss was a unique and important factor in the determination of open fracture severity that remains otherwise unaccounted for by other classification systems.
The results of this revision are presented as the Orthopaedic Trauma Association Classification for Open Fractures, which is seen in Appendix 3.
DISCUSSION
The overall objective of this project is to create an open fracture classification system that focuses on injury characteristics defined by pathoanatomy. The classification should apply to anatomically diverse skeletal injuries in both adult and pediatric patients and have greater observer reliability than current open fracture classification schemes. This study reports on our systematic review of the literature and selection of injury characteristics that define an open fracture's severity. This was followed by independent ranking of the importance of these characteristics by experienced observers and development of a preliminary classification scheme through consensus based on these data. We then performed a clinical feasibility study and further refined the categories leading to the current Orthopaedic Trauma Association Open Fracture Classification scheme.
There There are significant obstacles and challenges to developing this type of classification for open fractures that also correlates with patient prognosis. The challenges include making determinations of open fracture severity based on relevant objective clinical findings than can be classified in a way that is easy to remember and communicate, also providing meaningful guidance for treatment and prediction of clinical outcome. Additional challenges and obstacles exist in the validation process of any open fracture classification, including potentially elaborate schemes required for the evaluation of inter-or intraobserver reliability and measurement of validity parameters. We hypothesize, however, that a systematic and scientific approach to the creation of an open fracture classification system will yield an objective, relevant, and evidence-based clinical and research tool that improves significantly on existing open fracture classification systems.
Despite the multitude of studies that evaluate various issues related to open fractures, the number of studies that systematically identify and evaluate factors that categorize open fracture severity, treatment complexity, and predict outcome remains limited. The rank order system used in this study was a way to independently weigh the relative importance for each factor without undue influence of individual opinion. The consensus process was based on the following principles: 1) create a multicategory classification allowing the separate scoring of important factors; 2) use factors that provide anatomic description of the injury; 3) base injury scores on parallel categories of injury severity; 4) exclude factors that are treatment-based (eg, flap versus no flap); 4) exclude factors related to determining limb salvage potential; and 5) exclude psychosocial and logistic factors. The initial draft classification was then modified by systematic review of data from a prospective review of 99 cases leading to the current classification.
During this process, the definition of each subgrouping was carefully considered in an attempt to make it parallel to each of the remaining four subgroupings. Broad categories of skin injury were chosen: skin lacerations that are able to be closed, skin lacerations that are unable to be closed, and skin lacerations associated with extensive dissociation of the skin and subcutaneous tissues from underlying tissues (degloving injuries) that in turn increases the risk of skin necrosis and infection of large dead spaces.
Muscle injury was categorized into subgroups in a qualitative fashion based on function, necrosis, or loss.
For vascular injury, we considered objective assessments to distinguish categories such as palpation of pulses, assessment of capillary refill, pulse oximetry, arterial indices, or angiography. 28 However, because of the difficulty and unknown reliability for some methods of assessing vascular injury, we decided to base vascular injury on whether a major vessel is disrupted and whether distal limb ischemia is present. Contamination, defined by its quantity, depth, and nature (eg, organic versus inorganic), was included because it contributes to the overall risk of infection.
Incorporating bone loss into this classification was heavily debated because of its potential overlap with fracture classification, which we advocate be assessed separately by the Orthopaedic Trauma Association fracture classification system. However, bone loss was felt to be an indirect measure of periosteal stripping and energy of injury and has significant implications regarding treatment distinct from the implications of fracture pattern. Subgroupings were agreed on that include no bone loss, bone loss, or devascularization requiring excision with some cortical opposition and segmental bone loss. All subgroupings were considered applicable to both adult and pediatric patients.
Compartment syndrome was considered as a potential ''add-on'' given that its occurrence is often related to injury severity. However, compartment syndrome is a distinct clinical entity with a complex diagnostic and treatment algorithm, which suggests that it should be considered separately from the open fracture injury. Neurologic injury was also felt to be a separate issue not directly related to grading open fracture severity. Periosteal stripping is difficult to quantify in isolation and was thought to be better assessed through parameters included in the proposed classification system such as myofascial injury and bone loss as well as through the assessment of fracture pattern. Fracture pattern, with its own complexity of classification, is accounted for by separate classification systems such as the Orthopaedic Trauma Association Comprehensive Fracture Classification System. The timing of when to classify an open injury is important for many reasons. Classifying an open fracture in the emergency room is useful for physician-to-physician communication as well as for deciding management of the initial injury. Accurately assessing the degree of injury to deep tissues such as muscle, neurovascular structures, and bone is not always possible before operative exploration of the zone of injury. Classifying the fracture in later phases of treatment may be valuable for assessing the evolution of injury characteristics through the treatment period but will not enhance initial injury severity assessment or guide early treatment. As a result, the end of the initial débridement was felt to be the most optimal time to apply the classification. Standardizing the timing of classifying the fracture will assist in comparisons between future studies.
In summary, we have described a systematic approach for a new classification of open fractures that with further study hopefully will improve on existing systems. We are currently planning observer reliability studies and further modifications. 
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